Objectives: To pilot two intensive hand hygiene promotion interventions, one using soap, and one using a waterless hand sanitizer, in low income housing compounds in Dhaka, Bangladesh and assess subsequent changes in handwashing behaviour and hand microbiology.
Introduction
Diarrhoea and respiratory disease are leading causes of childhood death globally (Bryce et al., 2005) . Handwashing with soap can reduce both diarrhoea and respiratory disease (Ejemot et al., 2008, Rabie and Curtis, 2006) , but in low-income, high-disease settings, handwashing with soap is uncommon (Curtis et al., 2009) . Waterless hand sanitizers, primarily alcohol based gels, have increased hand hygiene in hospitals (Bischoff et al., 2000) and reduced disease transmission in other settings (White et al., 2003 , Hammond et al., 2000 , but there is little experience with these products in low-income high-disease communities (Pickering et al., 2010) .
Barriers to improving handwashing promotion programs include a paucity of robust, practical valid measures of handwashing behaviour (Ram, 2009) , and limited understanding of the impact of handwashing promotion interventions on subsequent behaviours. One approach to assess handwashing interventions measures the concentration on hands of bacteria whose ecological niche is the intestine. The most common indicator organisms used are thermotolerant coliforms, Escherichia coli, and faecal streptococci (Kaltenthaler and Pinfold, 1995) . The high variability of hand microbiology measurements has limited their usefulness in evaluating handwashing interventions (Ram, 2009 , Luby et al., 2001 , Luby et al., 2007 . Clostridium perfringens is a potential alternative biomarker of faecal contamination. C. perfringens persists in the environment longer than E. coli (Cabelli, 1977) and so may provide a more stable indicator of faecal contamination.
We developed two intensive hand hygiene promotion interventions, one using soap and one using a waterless hand sanitizer, in low-income housing compounds in Dhaka, Bangladesh. We were striving to develop interventions that would produce maximal uptake of improved hand hygiene as a prepartory step for a study to evaluate the health impact of opitmal hand hygiene.
We report the results of this pilot study that assessed changes in handwashing behaviour and hand microbiology with the intensive interventions.
Methods

Setting
We conducted the study in the Kamalapur neighbourhood of Dhaka, a densely populated low income community where the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B) has conducted prospective respiratory disease surveillance since 1998. Field workers identified areas within Kamalapur where 3 -12 households were arranged into compounds that shared a common latrine and water source. Eligible compounds included at least four children under the age of 15 years and one child under the age of 5 years.
Study workers identified 30 eligible compounds, discussed participation in the study with compound residents, and secured informed consent. After completion of the baseline structured observation in February 2008, the principal investigator (SL) listed the compound numbers in a spreadsheet and used a random number generator to assign each compound to one of three groups: handwashing promotion with soap, handwashing promotion with a waterless hand sanitizer, or no intervention.
Interventions
Many Muslims in Bangladesh are reluctant to use products that contain alcohol. The waterless hand sanitizer, First Defense®, was a commercial product marketed in Europe that does not use alcohol, but uses organic acids to reduce the pH of skin. The soap used in the study was Lux®, a bar soap marketed in Bangladesh.
The intervention program was based on the stages of change theory (Prochaska et al., 2008) .
After completing structured observations and sample collections, field workers shared the summary findings of the prevalence of handwashing at key times observed in the study communities, pictures of petri dishes showing no growth, and showing bacterial growth typical of contaminated hands, and they discussed the relationship between handwashing practice and child health. Field workers asked compound members in intervention compounds whether they wanted to change their handwashing behaviour and, if so, how they wanted to change it. The goal of this initial session was to move compound members from the pre-contemplation stage to the contemplation stage for improved hand hygiene.
Next the field staff introduced either bar soap or the waterless hand sanitizer, and explained how to use it. They encouraged handwashing at key times --before preparing food, eating, or feeding a child; after defecation or cleaning a child's anus; after sneezing, coughing or entering the compound from outside; and before and after hands touching another person. Field staff placed the soap or waterless hand sanitizer throughout the compound including near the toilet, in the kitchen, at the water source, and inside individual households to make handwashing convenient.
Field workers demonstrated how to wash hands with the products. The objective of this session was to move compound members from the contemplation stage to the preparation for action stage, and following product distribution to start their action for improved handwashing.
The field staff assembled the mothers from each household within the compound into a group and asked group members to support each other to improve hand hygiene. Group members were asked to encourage and remind each other if they forgot to wash hands at critical times. Field staff placed posters to remind residents to wash hands at different key locations including the door to the toilet, in front of the toilet, kitchen, water station, dining space, and compound entrance.
Field staff visited intervention compounds 2 to 3 times each week. They placed a sticker on the door of the individual households which used the most soap or waterless sanitizer in a compound to provide social recognition as a clean household. They replaced supplies of soap and waterless hand sanitizer.
Data Collection
Field workers listed all of the residents in each participating compound, and collected limited demographic information. For structured observation the field workers visited the compound at 7 AM; selected as unobtrusive location as possible and from 7 AM -12 PM observed and recorded opportunities to wash hands before preparing food, before physical contact with another person, before eating or feeding a child and after cleaning a child's anus, toileting, sneezing, nose picking, physical contact with another person, and returning after at least one hour from outside the compound. For each handwashing opportunity the field worker noted the individual, whether or not they washed hands and any materials used and the time spent handwashing. Because observed handwashing practices can vary from day to day (Cousens et al., 1996) , field workers conducted structured observation in each compound on two different mornings separated by two weeks prior to the intervention. Similarly post intervention observations were conducted twice, two weeks apart.
Field workers collected a hand rinse sample from each compound during each morning of structured observation at the first time during the observation period that they saw a compound resident 1) before preparing food, 2) before eating, 3) after defecation or after cleaning a child who had defected and 4) after coming from outside of the compound at least 60 minutes later. If the compound resident washed his/her hands at the time of the handwashing opportunity the field worker collected the hand rinse sample shortly after handwashing was completed. Otherwise, the field worker observed the compound resident long enough to conclude that he/she was not going to wash his/her hands before collecting the sample. Study personnel collected a hand rinse by instructing the identified compound resident to shake one hand then the other for 15 seconds per hand in a sterile 1 litre bag containing 125 ml of 0.1% peptone broth. The bag was placed on ice, and transported to the Environmental Microbiology Laboratory at ICDDR,B within 6 hours.
Nine weeks after interventions were initiated field workers conducted another round of structured observations (Figure) . Because of a misunderstanding within the study team the field team did not supply the intervention compounds with soap and waterless hand sanitizer in the week before the follow-up assessment. This meant that for the follow-up assessment the intervention compounds did not have these necessary supplies. This error was not recognized until the data were analyzed several weeks later. Twelve weeks after the initial intervention ended, the field team returned to each of the previously enrolled compound and secured informed consent for another round of intervention and evaluation. After five weeks of additional behaviour change interventions, another round of structured observation and hand microbiology testing was performed. We report only those results from the baseline and this later round of post-intervention assessment.
Because the implementation promotion materials and supplies were clearly visible, neither the intervention communities nor the fieldworkers were blinded to the intervention.
Measurements
Within 8 hours of sample collection, laboratory technicians tested 10 ml of the hand rinse samples for thermotolerant coliforms and faecal streptococci by standard membrane filtration technique (American Public Health Association, 1999 , United States Environmental Protection Agency, 2002 . To assess the concentration of C. perfringens laboratory technicians passed 10 ml of the hand rinse specimen through a 0.22 µm pore-size Millipore membrane filter, placed the filter paper onto plates containing modified C. perfringens medium, and incubated the culture in an anaerobic jar at 44ºC. After 24 hours laboratory technicians evaluated the cultures and noted any yellow colonies as presumed C. perfringens. They exposed any yellow colonies inside a fume hood to vapours arising from a 30% solution of ammonium hydroxide for 30 seconds. If the yellow colonies turned a distinctive dark pink colour technicians counted them as confirmed
C. perfringens (European Union, 1998).
Statistics
The primary outcome for handwashing behaviour was the proportion of handwashing opportunities where the compound resident washed his/her hands with soap and/or waterless hand sanitizer. The primary outcome for hand contamination was the concentration of thermotolerant coliforms, faecal streptococci and C. perfringens from hand rinse specimens.
We anticipated that 174 observations of each key time for handwashing would be sufficient to detect an increase from a baseline frequency of 5% of handwashing with soap to 25% after the intervention assuming a design effect of 1.5 because of clustering within compounds (Donner and Klar, 2010) . We assumed that we would have statistical power for some, but not all key handwashing times. We anticipated that 150 observations would be sufficient to detect a decrease from 90% contamination by thermotolerant coliforms at baseline to 65% post intervention. We did not anticipate having sufficient sample size to detect a marked reduction in faecal streptococci or in C. perfringens, but we hoped to collect some data to assess their overall performance as indicators.
For estimates of proportions, we used exact confidence limits for binomial random variables. We compared proportions by calculating risk differences and 95% confidence limits. We estimated p-values and confidence intervals using the cluster effect adjusted standard error to account for clustering of observations within compounds.
To test hypotheses about the duration of handwashing, we used linear regression models of the natural logarithm of the reported duration of handwashing. Since intervention assignment was at the level of the compound, we used a cluster adjusted standard error for p-values and hypothesis tests. We used the likelihood ratio test comparing this model to test the null hypothesis of equality among treatment groups at follow-up and to compare to baseline.
To test hypotheses about the microbiological data, we used linear mixed effect regression models on the natural logarithm of the concentration of each indicator organism with the outcome variable log10(1+V), where V is the concentration of thermotolerant coliforms, faecal streptococci, or Clostridium perfringens. The reported effects are the change in mean log10(1+V) versus baseline or versus control at follow-up.
Ethics
All participating households provided informed consent. The study protocol was reviewed and approved by the Ethics Review Committee of ICDDR,B.
Results
Compound residents were of similar age, sex, education and income across the three groups (Table 1 ). All 30 compounds completed the study. Among the 3468 opportunities for handwashing at key times observed by field workers during the baseline structured observations, study subjects wash their hands for 437 (13%) and washed their hands with soap for 128 (4%).
Adults were more than twice as likely to wash their hands than children (18% versus 8%, risk ratio [RR] = 2.4, 95% confidence interval [CI] = 1.94, 2.85).
Study subjects washed their hands most commonly after defecation and after cleaning the anus of a child who had defecated, but even after these faecal contact events, fewer than one third washed their hands with soap (Table 2) . Handwashing was much less common before food preparation, eating or feeding a child with handwashing with soap occurring in fewer than 1% of these occasions (Table 2) . Handwashing was never observed after sneezing or coughing (Table   2) .
Following the intervention residents of compounds that received soap and handwashing promotion washed their hands with soap more frequently, including increasing to over 25% before preparing food, eating, and feeding a child and to over 85% after faecal contact (Table 3) .
Handwashing with soap remained rare after sneezing or coughing. Soap users reported no adverse events. The risk differences comparing post intervention handwashing to baseline or to contemporaneous control compounds were similar (Table 3) .
Following the intervention residents of compounds that received waterless hand sanitizer and handwashing promotion washed their hands with soap or sanitizer more frequently, though to a lesser magnitude than in the soap and handwashing promotion compounds. Intervention residents used sanitizer during 4 to 8% of the food associated handwashing opportunities and in 50 to 64% of opportunities after faecal contact (Table 4) . Hand hygiene with sanitizer largely replaced handwashing with soap. Fieldworkers noted only 23 episodes of handwashing with soap in compounds that received the sanitizer. Three persons complained of a rash after using the hand sanitizer and six persons complained that their skin felt wrinkled like the skin of an old person for a few minutes after use.
When residents of the soap intervention compounds did wash their hands after receiving the intervention, they spent more time washing compared with baseline or control compounds. For example, the mean number of seconds spent handwashing with soap after defecation increased from 12.5 seconds at baseline to 31 seconds after receiving the soap intervention (Table 5) .
While the time spent washing hands with sanitizer was somewhat longer compared with baseline and controls, the increase in duration was less pronounced than in the soap intervention compounds (Table 5 ). (Table 6 ). For all four exposure opportunities, measures of bacteriological hand contamination in the intervention compound decreased more often than they increased between baseline and follow-up. Among households that received the soap intervention, in 4 of the 12 evaluations hands were significantly less contaminated than baseline and in 2 of 12 they were significantly less contaminated than controls. Similarly, among households receiving the hand sanitizer, in 6 of the 12 evaluations hands were significantly less contaminated than baseline and in 2 of the 12 evaluations they were significantly less contaminated than controls (Table 6 ).
Discussion
Residents of this low income urban community infrequently washed their hands with soap. At key times for handwashing they were more likely to wash their hands with water alone but most commonly they did not wash their hands at all. These findings are consistent with structured observations conducted in rural sites in Bangladesh (ICDDRB, 2008) and in a study of 11 other low income countries (Curtis et al., 2009 ).
Compounds that received handwashing promotion and free soap markedly increased their frequency of handwashing with soap with an absolute 20% increase overall, 45% after defecation and 61% after cleaning a child's anus. The increases in observed handwashing with this intensive short term intervention when soap was provided free, were substantially higher than the 16% absolute increase in handwashing after defecation and 18% absolute increase after cleaning a child's anus that was observed in Burkina Faso after a 3 year program that included radio spots, theatre, a school program and monthly household visits, but no soap (Curtis et al., 2001 ). Even after the intensive intervention and provision of soap at no cost, fewer than one third of residents washed their hands with soap during food associated handwashing opportunities and fewer than a quarter washed hands at opportunities to prevent respiratory pathogen transmission.
Little evidence is available to suggest how frequently residents of highly contaminated environments need to wash their hands to substantially decrease disease transmission. Several handwashing intervention trials have reported marked reductions in childhood diarrhoea using interventions that were less intensive than in this study. In an 8 week intervention trial in urban Dhaka, Bangladesh messages to encourage washing hands with or without soap before food preparation delivered through small group discussions, larger demonstrations, posters, games and pictorial studies was associated with a 16% increase in observed handwashing and a 26% lower incidence of diarrhoea (Stanton and Clemens, 1987) . Similarly, village resident in northeast Thailand who received a social marketing intervention that encouraged handwashing with or without soap using a variety of media including posters, stickers, leaflets, comic books, slide shows and songs reported 39% less diarrhoea than control villages (Pinfold and Horan, 1996) .
The present study from urban Dhaka suggests that even with very intensive interventions and free soap target communities are unlikely to wash their hands with soap at each high-risk opportunity for disease transmission. This low compliance with recommended handwashing instructions following maximally intensive interventions suggests either that the health benefits of handwashing in clinical trials is exaggerated (Wood et al., 2008) or that handwashing with soap at each high-risk time is not essential to reduce childhood illness. Further research to assess the frequency and context of handwashing that is associated with objective health improvement would help target behaviour change strategies.
Persons in the soap and handwashing promotion compounds also washed their hands 1.6 -3 times longer than at baseline. Although duration of handwashing was not a primary planned outcome of this trial, these large differences are unlikely to be due to chance. Longer duration of handwashing with soap would be expected to remove more organic contaminants and pathogens resident on the hands and so may reduce disease transmission.
The waterless hand sanitizer was readily adopted by the target community and reduced hand contamination. Indeed, during in-depth qualitative interviews participants reported widespread satisfaction with using the product to cleanse their hands (data not shown). Compounds that received the hand sanitizer cleansed their hands with sanitizer more commonly than they washed their hands with soap at baseline, but the convenience of the sanitizer not requiring water did not result in more frequent hand cleansing compared with the soap intervention group. Compound residents who received hand sanitizer rarely cleansed their hands before food preparation and after respiratory contamination. The study design did not assess hand hygiene practices outside the home. Perhaps a portable personal dispenser of waterless hand sanitizer optimized for use outside the home in settings where soap and water were not available, would be a more effective complement to improve hand hygiene rather than the approach within this experiment where the sanitizer largely replaced soap.
C. perfringens was the sole bacteriological indicator that in the combined analysis of all handwashing opportunities was significantly lower in both intervention groups compared to controls. Its utility as a microbiological marker for hand contamination should be further assessed. The hand microbiology data support the effectiveness of the interventions in reducing the concentration of faecal microorganisms on hands. The relationship between the measured concentration of these faecal indicator bacteria and intrahousehold pathogen transmission that results in childhood diarrhoea or respiratory infections remains ill-defined.
There are important limitations to the conclusions that can be drawn from this study. First, in other settings the presence of an observer increased handwashing behaviour (Drankiewicz and Dundes, 2003 , Pedersen et al., 1986 , Munger and Harris, 1989 , so the observed proportions in this study likely reflects an exaggeration of unobserved behaviour. These observations should be interpreted as the upper limit of handwashing with soap or hand sanitizer.
A second limitation is that because of miscommunication within the study team, a second round of hand hygiene promotion, 12 weeks after the initial round was required. Thus, the increased handwashing behaviour and microbiologically cleaner hands were actually the result of two rounds of intensive hand hygiene promotion separated by 12 weeks, rather than a single round. It is possible that results following a single round of intervention might have been less pronounced.
The improvements in handwashing behaviour following this intensive intervention provide one measure of the magnitude of change in handwashing behaviour that can be achieved with an intensive intervention in a short time. Developing lower cost handwashing promotion interventions that can be cost-effectively delivered at large-scale and produce a sustained habit of regular handwashing are an important public health priority. Waterless hand sanitizers may contribute to improve hand hygiene and reduce disease in low-income, high-disease settings, but further research and program evaluation are needed to define their role. 93 (40) 90 (43) 104 (42) >40 35 (15) 31 (15) 31 (13) Males 120 (51) 121 (57) 122 (49) Education (years) none 82 (43) 58 (37) 78 (37) 1 -5 60 (32) 43 (28) 80(38) >5 -< 10 34 (18) 42 (27) 43 (20) >10 13 (7) 12 (8) 10 (5) Income ( 
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